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bstract ^ 

A bacterial strain designated E-48^ was isolated from LakeElmenteita, an alkaline 
saline lake within the East African rift valley. The cells were Gram-negative, 
motile, non-spore forming rods. Growth was observed at a pH range between 
6.0 and 13.0 (optimum pH 9.5), salt concentration (w/ v) up to 20% (optimum 5%) 
and the temperature for growth was between 14.0-44 °C (optimum temperature 
36 °C). On the basis of 16S rRN A gene sequence similarity (99%), strain E-48^ 
belonged to the genus Nitrincola (family Oceanospirillaceae, class 
Gammaproteobacteria). The DNA G-C content was 46.4 mol%. The major cellular 
fatty acid was the mono-unsaturated 18:1 ^y7cwhilethe major isoprenoid quinone 
was Q-8. However, at the genome level, strain E-48^ had a G-fC difference of 
7.17% from the genome of N . lacisaponensis DSM 16316^. Based on the various 
characteristics, it is proposed that the isolate represents a new species within the 
genus N itrincola for which the name N itrincola dmenteitensis is proposed. The type 
strain is £-48^(=DSM 26266 t=LMG 28382^). 
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1. Introduction 

The genus N itrincola (Dimitriu et al., 2005) in the family of Oceanospirillaceae is currently comprised of five 
validly published species. Mostof the genera in this family are either halophilesor halotolerant. N itrincola 
lacisaponensis isthetypespeciesof thisgenusand wasisolated fromdecayed wood collected ata meromictic 
alkaline saline lake in the USA (Dimitriu et al., 2005). N. alkalisedi minis wasisolated from the alkalineLonar 
Lakein Maharashtra, India (Joshi, A. etal., 2016) whileN itrincolaschmidtii and N i trincola alkali lacustris(Borsodi 
etal., 2017) were recovered from sod a pans located i n the Kiskunsag National Park, Hungary. Morerecently, 
N itrincolatibetensisxglS^ was isolated from LakeXuguoCoontheTibetan Plateau (Phurbu etal .,2019). N Itrincola 
nltratireducens AK23'^ is an effectively but not validly published species isolated from Lonar Lake, Buldhana 
district, India (Singh etal., 2015). In this study, wedescribea novel E-48^ isolated from the haloalkaline Lake 
Elmenteitain Kenya. 

2. M aterials and methods 

Serially diluted sediment samples were plated on a medium containing 0.02% starch, 0.01% yeast extract, 
0.01% peptone, 1.5% agar and cycloheximide(100 mg/ L) to inhibit the growth of fungi. This medium was 
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prepared using filter sterilized autoclaved water collected from Lake El menteita. A pureculturewas obtained 
by repeated streaking on modified trypticsoy broth (supplemented with 15g Bactoagar (Difco), 3.5%NaCI 
and 1% N a^COj) The pure isolates were stocked in tryptic soy broth supplemented with 3.5% N aCI, 1% 
N OjCOjOnd 20% (v/ v) glycerol. N i tri ncol a I ad saponensi s DSM 16316^ from the DSM Z was used as the reference 
strain and grown under the same laboratory conditions. 

Colony morphology was observed on cultures grown on the modified tryptic broth for 24-48 h using a 
stereo-microscope. Gram staining was done as described (Claus DA, 1992) to observe the shape, size and 
arrangementofthecells. Catalase activity was tested usingH202 test as described (Zimmermannetal., 1990). 
Thefollowing physiological and biochemical properties wereexamined: oxidation/ fermentation of glucose; 
argininedihydrolase; tyrosine decarboxylase, colony pigmentation, cell morphology, ability to hydrolyze 
gelatine, DNase activity, starch utilization and Tween-80. Chitinase activity was tested by use of 4- 
M ethylumbel liferyl N -acetyl-yS-D-glucosami nide M oti lity was tested with celisfrom 2-day-old I iquid cultures 
on soft agar (0.4%) i ncu bated for 48 h at 28 °C. Cytoch rome C oxi d ase was d eter mi nedbyaddinga few d rops 
of tetramethy I-phenyl enedi amine solution to a 2-day-old si ant of each strain. 

Utilization of glucose, sucrose, fructose, lactose and mannitol assolecarbon sources was tested on a basal 
media containing per liter Ig yeast extract (Difco), IgKHjPO^, 0.1g MgSO^.yHp, 0.05gCaCI.2H20,4%NaCI 
and 1% N a^COjand the respective sugar to a fi nal concentration of 1%. G rowth was measured after 72 h at 28 
°C using a spectrophotometer (turbidimetry) at a wavelength of 6(X) nm. Salt tolerance tests were done on 
diluted nutrient broth (Difco) supplemented with l%Na 2 C 03 and the salt concentration wasvaried from0% 
to 20%. The optimum temperature for growth was determined onTSB containing 4%(w/ v) NaCI and 1% 
Na^COjUSing a temperaturegradient incubator model TN-3(Toyo Kagaku Sangyo) with the lowest value of 
9.4°C and thehighest 49.3 °C Theoptical density was recorded after 18 h of growth using a spectrophotometer 
at620nm.ThepH rangefor growth (6.0to 13) was determined in nutrient broth diluted lOtimeswiththepH 
adjusted using phosphate buffer and a salt concentration of 4%. The ability to oxidize or utilize organic 
substrates was investigated using BIOLOG-GN plates as recommended bythemanufacturer.Theresultswere 
read using the BIOLOG microplatereader after incubation for 6 h, 24h, 48h, and 72 h and after five days of 
growth. Carbon assimilation tests werealso determined using the commercial API 20EandAPI 50CH systems 
(BioMe'rieux). Tests were read after 6 h, 24h, 48h,and 72 h and after fivedays of growth. 

Cell biomass for fatty acids, isoprenoid quinoneand polar lipids analyses was obtained by cultivation on 
trypticsoy broth supplemented with 3.5% NaCI and l%NaC 03 atpH 9and 28 °C whileshaking at 150 rpm for 
24 h. Theseconditionswerechosen based on thefact that optimum growth occurred at 4% NaCI (trypticsoy 
broth already has 0.5g/ L)and pH of 9. Thecellswerethereafter harvested during the mid-exponential growth 
phase and freeze-dried. Celisfor electromicrography were grown thesameway but processed after 24 h. 
Cellular fatty acids were extracted as described (Stead et al., 1992) and analyzed on an Agilent 6890N gas 
chromatography system. The data generated was analyzed for taxonomic i nformation by theTSBA40 and 
TSBA 50 method oftheSherlockM ISsoftwareTheindividual fatty acidswereexpressed as percentages of the 
total fatty acids. Respiratory I ipoqui nones and polar lipidswere extracted and analyzed as described (Tindall, 
1990a and 1990b; and Altenburgeraet al., 1996). DNA extraction, PC R amplification and sequencing of the 16S 
rRNA genes were performed at SeqLab (Gottingen, Germany). Identification of phylogenetic neighbors and 
calculation of pairwise 16SrRN A genesequencesimilarity wasdoneusingtheEZBioCloud e-server (https:/ 

/ www.ezbiocloud.net (Yoonet al., 2017). Phylogenetic relationship was determined using neighbor-joining 
(Saitou and N ei, 1987; and Felsenstein, 1993) and maxi mum-likelihood analyses (Olsen et al., 1994). These 
analyseswereconducted in MEGA 7(Tamuraet al., 2011). Theei/olutionary distanceswerecomputed using 
the maxi mum composite I i kel i hood method (T amura et al., 2004). The resultant tree topologies wereet/aluated 
in bootstrap analyses of the neighbor joining method based on 10(X) resamplings (Felsenstein, 1985).Thel6S 
rDN A sequence (l,445bp) wasdeposited under theaccession number FJ764762. Celisfor DNA basecomposition 
were grown as described earlier, harvested and disrupted by using a Constant Systems TS 0.75 kW (lUL 
Instruments). DNA in the crude lysate was purified by chromatography on hydroxyapatite as described 
(Cashion et al., 1977). The mol% G -FC content of the DNA was determined by reversed-phase H PLC of 
nucleosides as described (M esbah et al., 2(X)7). DNA-DNA hybridizations between thegenomesequenceof 
strain E48^and its phylogenetic neighbor Nitrincolalacisaponensis DSM 21637^ were done based on in silico 
genome-to-genomecomparisons (GGDC) (http:/ / ggdc.dsmz.de) to test whether the new strain was novel 
usingthegenomeofstrainN itrincolaelmenteitensisE48^and N itrincolalacisaponensisDSM 21637^asdescribed 
(M eier-Kolthoff et al., 2014and 2013). 
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3. Results 

Strain E48^ formed circular, entire^ smooth yellowish colonies on the modified T rypticasesoy broth medium 
after 24-48 h of incubation at 37 °C. Cells were Gram-negative, aerobic, oxidase and catalase positive non¬ 
spore formi ng rods w ith a monopol ar fI agel I u m. Thecel I morphol ogy i s show n (Fi gure 1). 
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Figure 1: Electromicrographs of the cells of strain E48^ at 10,000 x 


The physiological characteristics of strain E-48^ and other closely-related typestrainsof species of the 
genus N itrincola are presented inTableslaand b. Notable is that strain E48^ and N. lacisaponensis had almost 


Table la: Physiological characteristics of the Isolates: 1, E-48^; 2 , Nitrincola lacisaponensins (DSM 16316^) 
(This study); 3, N. alkalisediminisJCM 19317^ (Joshi et al., 2016) 4, N. nitratireducensJCM 18788 (Singh et al., 

2015), Nitrincola alkalilacustris strain ZV-19^ and Nitrincola schmidtii strain R4^8^ (Borsodi et al., 2017) 


1 

2 

3 

4 

5 

6 

pH Range 

6.0-11.5 

6.0-11.0 

7-11 

7-11 

7-11 

7-11 

Optimum pH 

7.5-9.5 

9.5 

8-10 

8-10 

8-9 

8-9 

NaCI range (w/ v, %) 

0-16 

0.6-12.0 

0-7 

0-7 

0-10 

0-10 

NaCI optimum (w/v, %) 

5 

8 

0-5 

0-5 

0-7 

0-7 

Temperature Range (°C) 

22.0-44.0 

22.3-46.1 

15-40 

10-40 

10-37 

10-28 

Temperature Optimum (°C) 

36.0 

34.7 

25-28 

25-28 

20-28 

15-20 

*G-KI Content 

46.4 

52.1 

49.3 

46.8 

54.5 

45.8 

Note: * The G+C values for the comparative strains are derived from the NCBI genomes database. 
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similar temperature, pH and salinity rangeof growth whichwasdifferent from theotherstrainsinthegenus. 
This is probably a reflection of the soda lake habitats from which thetwo strains were isolated from. 


Table lb: Biochemical characteristics of the Isolates E-48^ and Nitrincoia lacisaponensis 

(DSM 16316^) (This study) 


E-48T 

N itrincola lacisaponensis 

Acetic Add 

- 


Dextrin 

-1- 


L-Threonine 

- 


a-D-Glucose- 1-Phosphate 

- 


D-Glucose- 6-Phosphate 

- 


Arbutin 

-H 

-t- 

Esculin/ferric citrate 



D-Saccharose (sucrose) 


- 

Glycogen 

- 


D-Turanose 



Propionate 

- 

- 

Succinate 

- 


Potassium 5-KetoGluconate 



Indole 

W 

- 

VP 

- 

- 

Tween 40 


- 

Nitrate reduction 


Ubiquinone(Q-8) was the major respiratory quinone(at 95.2%) detected in strain E-48^ whilethecellular 
fatty acid profiles were dominated byCjg.^^,^, C^g^^^^and C^g.^. Thisconcurswith the results reported so farin 
other species of the genus N itrincola (Table2). 

TheG4C content of thegenomicDN A was46.68%which islowerthan theother described speciesinthe 
genus (Table la). However, DNA-DNA comparison results show aG-fC difference of 7.17% and therefore 
delineates E48^ as a distinct spedesfromN. lacisaponensis 4CA'^ (=DSM 16316^). The major polar lipids in 
strain E-48^ were phosphatidylglycerol and phosphatidylethanolamine and minimal amounts of 
Diphosphatidylglycerol. However, in N itrincola lacisaponensis, Di phosphatidyl glycerol was present in 
significant amounts (Figure 2).Thisisanotherfeaturethatdistinguishes strain E-48^fromN. lacisaponensis. 
The major polar lipids in strain E-48^ were phosphatidylglycerol and phosphatidylethanolaminewhilethe 
major fatty acids were C 10:0, C 10:0 30H, C 12:0, C16:l«)7c7 15ISO 20H, C16:0and C18:l«)7c. 

Based on EzBioCloud (Yoon et al., 2017), the most closely related type strain to E48wasN. lacisaponensis 
4CA'^(=DSM 16316^) showing 98.81%pairwisel6SrRNA genesequencesimilarity valuewith lOmismatches. 
Phylogenetic analysis using thelGSrRNA gene confirms that E48^ belongs to thegenusN itrincola (Figure 3). 

4. Description of Nitrincoia elmenteitensis sp. nov. 

El.men.teiten'sis. N .L. masc. adj. elmenteitensis, of or pertaining to Lake Elmenteita in Kenya where the strain 
was isolated. 
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The bacterial strain designated E-48^ wasisolatedfromLakeElmenteita,analkalinesalinelakewithinthe 
EastAfrican riftvalley. Cellsaregram-negative^ aerobic, oxidase and catalase positiveand non-sporeforming 
rods. The cel I s are about 2 [i m i n I ength and occu r si ngl y or i n pai rs. M oti I i ty i s vi a a monopol ar f I agel I u m and 


Table 2: Fatty acid composition of the isolates: 1, E-48^; 2 , Nitrincola lacisaponensins (DSM 16316^) (This 

study); 3, N. alkalisediminis JCM 19317^ (Joshi et al., 2016) 4, N. nitratireducens JCM 18788^ (Singh et al., 

2015), 5, Nitrincola alkalilacustris strain ZV-19^ and 6, Nitrincola schmidtii strain R4^8^ (Borsodi et al., 2017) 

Fatty Acid 

1 

2 

3* 

4* 

5* 

6* 

c 

^10:0 

2.04 

3.53 

3.5 

1.9 

TR 

3.1 

c 

^10:0 BOH 

2.75 

4.76 

5.3 

4.0 

2.8 

5.4 

c 

^12:0 

2.17 

3.31 

3.7 

2.1 

1.9 

TR 

c 

^16:lco7c/ 15 IS0 20H 

23.95 

17.45 

30.5 

24.4 

19.1 

22.7 

c 

^16:0 

19.22 

15.11 

10.2 

12.8 

10.1 

13.4 

c 

^18:lco7c 

48.68 

53.38 

46.5 

53.4 

63.0 

50.9 

Note: * Data from Barsodi et al., 2017. 


the strain grows at pH between 6.011.5. Theoptimum pH for growth is between 7.5and 9.5. Though growth 
occurs at a sal t concentrati on rang! ng between 0 and 16%, the opti mu m concentrati on i s 5%. Temperatu re for 
growth ranges from 22-44 °C and an opti mu m of 36 °C. Dextrin and Tween 80 are hydrolyzed on BIOLOG GN 
test results and isnegativeforall the other substrates. D-xylose, D-mannose, L-sorbose, D-sorbitol,arbutin, 
esculin/ ferric citrate^ D-turanose, potassium 5-ketogluconatearepositiveon the API 50CH. N itrate reductase 
is absent. No pigment is produced after prolonged growth. The major polar lipids in strain E-48^ are 
phosphatidylglycerol and phosphatidylethanolamine while the major cellular fatty acids areClOiO, C10:0 
BOH, C12:0, C16:l «)7c/15 ISO 20H, C16:0 and C18:l «)7c. The 14:0 iso-branched cellular fatty acids are 


DPG = Diphosphatidylglycerol 
PG = Phosphatidylglycerol 
PE = Phosphatidylethanolamine 


Figure 2: Polar lipid profiles of strain strain E-48^ (Nitrincola elmenteitensis sp. nov.) and Nitrincola 
lacisaponensins DSM 16316^ after separation by two-dimensional TLC as described (Tindall 1990a; 1990b; 
Altenburgera et al., 1996) 

absent. Featu res that different! ate strains of N itrincola elmenteitensis sp. nov. fromtheotherstrainsistheability 
toutilizeD-xylose; D-mannose; L-sorboseand D-sorbitol.TheDNA G-C content is48.68mol%whiletheG-fC 
content difference (based ontheinsilicoDDH method) between thetwo genomes (E-48^ and N. lacisaponensis 
4CA'r) is 7.17%. Based on the various character! sties, it is proposed that the isolate represents a new species 
within the genus N itrincola for which the name N itrincola elmenteitensis is proposed. Thetypestrain isE-48^ 
(=DSM 26266^=LM G 28382^) with thel6S rRN A accession number FJ764762. TheWGSaccession number is 
SAMN 03247511. 
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83 


40 

84 


40 


98 


62 


63 


94 


100 


92 1 —NitrincolaalkalisediminisMEB087^(KC822363) 
— Nitrincola tibetensis xgl8^ (KY308267) 


-Nitrincola schmidtii R4-8T(KR233209) 


Nitrincola_lacisaponensis 4CA^ (AY567473) 

87 1— Nitrincola sp. £-48^ (FJ764762) 

Nitrincola alkalilacustris ZV-ig^ (LN650603) 

— M arinobacterium rhizophilum CL-YJ9^ (EF192391) 

-M arinobacterium aestuariivivens DB-r (Kr366925) 

-Neptunomonas naphthovorans NAG-2N-126^ (AF053734) 

-Neptuniibacter caesariensis M ED92^ (AY136116) 

-Amphritea atlantica type strain: M 41^ (AM 156910) 


-M arinobacterium georgiense DSM11526^ (U58339) 

M arinomonas communis LM G 2864^ (DQ011528) 
-E, coli ATCC11775^ (X80725) 


0.020 


Figure 3: Neighbor-joining tree showing the position of strains described in this study and other cioseiy 
ret ated species on the basis of 16S rRNA gene sequences. Numbers at branch points indicate bootstrap 
confidence vatues (%) of 1000 resamptings. The bar represents 0.01 substitutions per nucteotide position 


5. Conclusion 

Sodalakeecosystemsarecharacterized by high microbial diversity comparableto that of soil habitats. Howe/er, 
these habitats posea chal lengeto most I ivi ng systemsdueto unique physicochemical gradients. For example, 
organisms that thrive in the haloalkaline ecosystems have adapted to the extreme conditions of high pH, 
elevated salt concentrations and at some I ocati ons el ei/ated temperatures. Therefore, the abi I ity of i sol ate E-48 
T to grow at pH up to 13and opti mum salt concentration of 5% (w/v) reflects adaptation to the habitat from 
which it was isolated. Based on the various characteristics, weconcludethattheisolaterepresentsanew 
hal oal kal i phi I i c sped es w i th i n the genu s N i tri ncol a f or w hi ch the name N itri ncol a el mentei tensi s i s proposed. 
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